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USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase a Curie 
temperature with improved reproducibility while 
maintaining improved magnetostiction 
characteristics and machine characteristics by 
performing the solid solution of nitrogen into an 
alloy in a penetration type effectively in an 
ultra- magnetostriction material using a rare- 
earth - transition metal alloy, and further to 
improve the utilization efficiency of the 
magnetostriction material and a manufacturing 
yield. 

SOLUTION: This ultra-magnetostriction material 
is obtained by performing the solid solution of 
nitrogen into a mother alloy that mainly consists 
of a rare-earth element and a transition metal 
element in a penetration type. The nitrogen is 
within a range of, for example, 0.01-2.5 weight percentages and is introduced into 
the mother alloy. The nitrogen is added in a temperature region at 600° C or less. 
The amount of nitrogen compound existing in the magnetostriction alloy is 
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J>5„ 

10 [0 0 5 6] *1PJ ©f? 1 ©M#SlffilrtM1-5#± 

mM-f&ztimbif, ^m® hLxt%nzi><Dx*h 
1^1-5 c t t\ memmn**- v $ e> \m 

fti*£*B<citft5 0 ftoT, C^S*©^W*(i 
£ttfiT?o. 0001~3®ft%©|g|ffl 1 C k mii U 
20 V\, 

[0057] *^p^©^ i ©«K^«¥i--e(i, 
tasi:^WiS*5Ci^^ieftffiffl©MS*e H B B ^ 
T-Kt^AS^B^^*, g^^itT#ft1-5g 
*©t&^IW£MUTV>5 0 Sot, AffftKiSMi: 

5«t5ftS«Tlr*sv^T1>, ^©±5ft«S#tt^+5> 

[0 0 5 8] *38^©M l <DMMS.mM±, m*-t&0Op 

pmrniW^ft^W-TS. KMfitt500ppmK_fcT*&5C 
30 irWSK, S6K#4U<f4700ppm£Jl±-?J>5 < , § 

6 1, hi o*«s*wt±, WA.fir«oflCK±©*rL y 

LTl^ 0 ^3. y-fflSf±450 , C£Jl±-Ci)5 
C t ^ I 5 if 4 U < , $6 L < H500"C£i±T* 

v^iv^5cifi, mWLXmbxmht^m^ 1-ft 

[0059] Tmmnninsm&mtt* wtttskr 

©±5ttT®ig$n5 0 4T, %±WLimkm$>m 
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, &5V^iS#JiI7 0 P-fe^fti^lffl1-5Ci^T 

fc5Mi#*T l^v^Xfe, Ji.L^ft?ift^W$ii 
5o 

[0 0 6 0] C©j; 5 4*JJ|-»»^«3fiO#4*m 

M£ikto C©^©^Ma?a^(1650~l200 o C©laffi 
t-f5Ct^^4 L v\ llllil^WW^^ 
50 Hftfc£©*fc£#B«f-?**1-3. JilEtfci^ft 
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[0061] 
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10 0 6 2] ^SffiESpXSJio^TP^i-So £$S3)P 
SAbfci LTfeg|t©ffifciI^S<, fL<MC 

[oo64] mmaMt vxvmma, mm$ 
timmmmtstiz, mmtmrnntix^ 

7y^=7^igit£^t?»HM, i/7Vttm%$ts 
*7WB»«:3'tf£ffl$5£:ffi 
T\ #±«-®^l^©^^t^LT0.01~2.5 40 

[0065] !Hijfesp«tatuTy*=*/v7o-ry^ 

#ffl^ I 3 in Teoot; £k T © UM®Xt * = * ^7 p ^ y 
In J; <0 9 J: 5 Idmt&M&m 5 
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[0 0 6 6] 9 ^§ 

*s:*;v7t3^y^*fr5 iMWWifrftSci: 

jWSUN, $fc, ^#=y&/V7P-f>'^&jfjaLfci& 

©mfea^nmi-5o i©^©?as%6oo°c£iTi-t-5 

iM?SU\ £|£±0fcJ6©fM(2, fiHTfc^-t 

[0067] aasagiguiis^-c, #Artaj*iricfli 
saw tmmmM cit&&> mmit&m 

£A*ii0£fl;fc^£tS:fc*;h,#&5 o £© 
fcft, SSilg©^-£j«1-Sfc&i^ #W©S 

[0 0 6 8] Sfct, S*©i$fCft©fc&©fi&a3rJI 

^ais^^=*^7o^y^xm©tt, 

H^^('T200~600 o C©MgT:'SS©^Mft©fci6©ii 

[oo69] *»K©a«s*m«>iK3t*fet±, &m 
9z^&$,%o>mm ] G © fc * ©s^aim t ^ssjpx 
sfc^si^cTas©iSM^©/cft©fiMaim 

mtx^xhx^\ &mmmiM\m, ms.tm 

&&.mm% momum t tfe t © * , 

ft if) SrSlLTfcy h7wvf5;frifejfc^ S^©^ 
[ 0 0 7 0 ] 4fc, *HSJ©^ 1 ©MMa^fi, ?m 

^t^^v— (mb e) fe, ^ty^wr^y^ 

#5. sfc, ^RfticajdsaiiWBSsrffs^t, fifeji 
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[oo7ii mw<D% i <Dm.mmmi^^x, %± 

[0 0 7 2] ££tt©€iK£tmS:^$*& 10 

7j&5>{1, U) t> L< ttU, 1, 0} a»P>±45^Krtl-SaiRlL 
tV^rtiWSU\ gV^;t3i> |ffi-£ft©80ft 

8%£t±©gii4\ ^co{i, i, UJtlKiid, i,o} * 

ttdsfi£ifPP3p*i6i mmmm) m\,x±mwH 

«BHtt±30flE£tl^-eJb5 C t # £ 9 ff* U < , £ & fcff 
[0 0 7 3] COJ:5ft-*ifti*H«-tfflv^SCi:tJ: 

[oo74] mm®i£&\a^ mmmtfa mm 

%m%fa) oSI^(i,U^KliiU,o)H± 30 

ffifflfi ± 30g£i rt X h 3 c i # J: 9 if £ L < , $ 6 £ 
4 L<f±±i5g^i*n?fe5 0 dtU^oT, -^rtiKH 

[0 0 7 5] ^8©iS«M##l;:jg^ft#£3f ffl-f- 

*lR){cffilLfc^-e-#:ftt5ittj;o-C, ifiE3I 40 
WiU^^5„ £fttt#38^©gr 2 

[ o o 7 6 ] a i \s*m<D% 2 ©^as^^-ni 

>-^«-l*J¥S*|R|fcSflU ^Oftffi-tMMsl-S 
[0 0 7 7] WI^U^Mltt, *±g7G*£S 
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&&Jg££©AM4fii^LfciI»? r*fe 9 , Wxiff (l) 

zom, %±m-mmm^nmmt^(Dxho 

(0 0 7 8]»S|ift7i'-^i|i, wisnta 
ifxf^i?&i-5 ^ t J; 9 #5>ixfct ©-efc5 0 $WiM$ 

[0 0 7 9] #38M0$&2 0jffiB^#i|SfB:, #±SKH 

kmmmk*3imhtz>&mmzm§LX7 

k^xm&k^c tm Lit^nx-hZo fflfafit-? 

jSj^Lft7v-^*ti», ±iBLfc«fc5*£ 
ttifH«:ft$fJfc-C70%El±-&tp£ ktmt U\ ff^ft*. 
5 t , ^ft&fi t ft^ H B B t <D$m)tm : 100-30 : 70 W|gH 

ft^ H io^ait^7ofra%*MT*fe 5 1 , t±s-s^ 

[0 0 8 0] llt^tfcg^3|W#2(±, ±aiLfci 

[0 0 8 1 ] Wtft7W^#U±at«t5 
ft^*OJ¥S*ffl]^©te^Sttv B&d, 1, 0} *> t < f± 

R[i,i,iitfc5ctiPifj c^e>©fis*te(4 
f> l< mi i, Dfrt>irhmk\ mm$wmmm 

^fttS^^d, 1, 0} t L < fi{l, 1, 1} T?fe5 t $ , C 
© J; o ftfe^**^ 3 ? 1 0tem*^i^»U 

x±45&mxhm m\ m^w^m, 

[0 0 8 2] ±ELfc6«tft©ISftfiafi*fi (f^tf 
{i,i J o}^b<(tH,i,i}) », yv-^uiom-^ 
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[0 0 8 3] «lft7w^i©s^fi [0 0 8 8] »Hft7i/-^io«R (i- 

t*Sifij££#tei: EBSD^S (gflt* it) fi x (7V-£©Mg) >3X (7^^©^| 



(^pt*^) tsaft^ifcoefflpSL, si -s:i 5 til *wi~5i&^ft7u-*#i&7oes%Bi-L^w 

i- 0 ^b^drffiSi, s 2 -£*H^lt, 0 2 (b) 5rt^u\ 

[0 0 8 4] fcfc\ WifiUfc— *|ft«H#44fli*itt5 [0 0 8 9] ill iC*Lfcg^^f42Tligl I f^|l© 

[ o o s 5 ] 1 1 t^aias^MW^ 2 tt, xnx $mtz> r t s 0 atswtttflHifcjB 

M-^ (XRD) SrJB^fciflOfcfcfcV^ & M^2ffi|lttJ;<#&ti5o fiB^W^ftM* 

iift7^#108|E^I ($H&ir©ejlEft {f200ppjn£*±©gSft£*t3, «5S*tt300ppm£Jl±T 

E) ©Sflif-^lcJ#i-5f-^aMEtt*!, tW^IE *5rtASJ:5»4L<, 3 & L < fiSOOapmEt 

^^-7^-^#i©aiicSL [0090] ^C, JSS^ft^v-^fl-ioSii ■- 

^4Cfcg£iO^Tt>, «xffl3fc^ti5(^ #ft#^b/£5M«a«42T'«. tt^ a ©E^ffifc 

■f*tft*o*30* *TfT?fclUl#fc|||«l4*V% C©i iU^U-^lO^JfM-X^T, 

[oo8 6] ?§i§^7v-^m©w?£fiio~io ot, mmmmm^^ vz±m^mt&ztft 

as ■ -mttzm&y mih mmxt Lxm^rLx^tzmmcst^xmwm 

fc-tftas&s. ¥^J¥^^iooo M m^g^§t, sn-s^i^-c^s. i^iaot, a^#ttMt> s ts 

mMft7i<~?tti(DmmmTLx, mmvmji^szk&qmkfrz. emo 

loif^tti®— efe5iiii&4U\ 7v-*#i© [0 0 9 1 ] Hlli*Ufcj(BBBE*m2Ht 1 flRfif&T 
**©Hfiottts|£JSJ5[$o±20%eirtt?J)5cfcdSff 40 ©J;5fcLTSit£^5 0 4f\ #±§iSSil##JS 

*u<, *b&wmmz<D±w%mTti>zz.t$x jtmmtitt%&&mmz^Lx, m^y 

[0 08 7] rc-e, S*ift7^«ioWS ttttfti3J:t»Si!l^ft*ttt*i-57>-^tt-S:fP« 

#£Tf¥)mkm£v>%'mk<Dm<D¥ [0092] Mifticit ^n-^&^d-^ 



U<S90%K.h-efe5. 



"9, $e>t&4L< (±50/taK-h500M«etT"Cfc5. 



= l~20©®ffl-Cfc5Ct^^4LV\ z<D£ofmVi 
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[0 0 9 8] ±3£Lfcje«3^&©&i£fr8:fc:i3^-C 
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[0 0 9 3] Aflcfcjfcft, M5 (a) j; ? idftSP »1^7Xvife4^ffll/\T=7^j/ 

m&m\i\ tf£t>hMfthi-€?>kmmMitfx«%xi lt^s. tot, immmmmm®, 

fc 4 7^^0|Jiif< froTtrSM^ 3SA/ftrSlS [0 0 9 9] *»M©jB*2tm», ±* • 

#t$*y.#-e#-cL£5 fl ctu^ur, i^^sp mmmm. m%-m*& 

iiSSrSKI-SCttioT, 0 5 (b) i^Ti5 tf, gi> . ^/^-^ jRS-^W - ittt^ff, 
[0 0 9 4] m&tii? ^-^#©^«[xg^*iV^T [oioo] Mfctf , 8HE&*fc*sv*m ftffl^&k 

il, 7V-^*j-O70K*%H±O^ife«S 4 (7MO ©fcft©ffi*}£g, f6#ff«©fc&6©7f$h^7 7^ 

>3X (7^-^WSpJ§J?§) T\ d»0 (7W -^7KE«8©y7- (tiSlitfiWM ft^lj 

^©*@) / (7v-^lg =i~20i£5 i 5t ±* ■ 3SI#ffi.:&^T}±, tv^ftS^^ 

[oo95] mmM.^yu~^mx ft&imtszxfi/ a*?®;*— h?*- **, *$$5-©tt 

itt%zbm*^\ *wsaaA»8oo^i2oo'cott [oiou K*«t*£*fc*j^THu 

fcl±i&tffc0>fc*>0*MaSfi, SW-*WbUfc«lc||J6 4^*^ ilfcBiSft m%^y 

LTtJ:v\ Sfcfc, i§f?ftMMi®^£^£§&*t S7^^-^ SM ■ ^/^-#»7MH, lit 

[0 0 9 6] ftfc, JdiLfciWMLft^l'-^tt-©^ P^fi, ^gp-?7>-F\ /y^-fc^f, 

i"5i-fefcoT, yu-ttfl ^Sft*lPi-C*SS«>B [0102] #389!©jE«t$*m£«ffl LfcglBti, ± 

5/ h7 c U^^teS7 , 7Xv^^if©^feiij;^-#: L < ftSt^ir yt»ft 2f £ L-t$l£ft-5 0 
ft$tlS D ^Mfi800~1200 t lC©ffiffii'f5Ci^ [0 10 3] ^^©^TW^-^m, pfj^t 

mki,x\>&\ 40 ^^i-^it, mm^mmmmmm^L, m 

[0097] fflk&fty v-9#\ *tm UT-fWbt ffi««£#Jft©«MflJJB:friRi fcfctf .5-*f»@££ix 

StfefcoT, ^Sft^i LT7^?t^-$#© fclg»^|84^t, ?WfE»M£^ia©«f^@ 
VXm. 1 U 147 4:8^1-5^ it J: D IK 8ttlBil8«smoJ^fifc»» -TIB* bT»« 

^Mt©Sffi!fS^tiEff B >7^©SL^±i:5ci^ [0 10 4] #li^©iEM;m£7^^-^fcf£ 
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[0105] mmmmmm^tcMm 

st#t#i^Hl50~200t:t^5»^tt^S*^tlS a Z<D 

#±£LTfflV^T£fc 0 L^U JEWffc'ilOOO 
Vg^F©SJE^^®t ZtiZZ. t ^t,, #JEE«flt*SiKS 10 

t *5 i ^ 5 J: 5 4S&*S:#5 - i tft 
[0106] mmm^y^it, -tyf-tok lt* 

[0 10 7] 

MM] *|88!©ftflc«)4|ll6M*i±^ofp 

[0108] mtm i 

Tba. 5 Dy,= (Feo. s Mm. ) i.» 
ic X # I 3 1 T480TC, 530t & j; U?580°C © 

-hW*S^OE^]^)B]*Ml,l,0}A^±30 J S£Jll*l©^t 
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feofc 0 

[0 10 9] ±IEtfcS*^«at(D#^M-t 

£ D $J£ Lfc t i 5 , ^rtimo. l Jf »%, 1. 0 JCft%, 
1. 5®fi%-Cfeofc 0 #-p-##4 3 i^'ftA^TH?$tTV\ 
SSSft (¥Mm £EPMAtJ;9iJ£L/ciC5, 
*^mo.099g*%, 0.99gi:%, 1.47R*%T?*)0 

h , t OiCttO. 02 i S^T'fco fc 0 

[oiio]ftt, ^fSSWlti»i©^M 

97%, 58%, 55%-cfeofco mmmmti<Dxm$r 

coo, *^a#t^^©@ff/^-y^^tTv^5ci 

[0 111] l*t«3# «W1.4 

SIIEU KflS<©iB£f&kS:JfciiEbfc. m 6 

< ct?atft^ta-eoii[©io%£t-F«)tetftoT^5©£ 
# ur, ^*f;;«a#msig.-?©^tc# l3oo°ct3 

0% K Jh©»tffc jWHH# $ ttT ^ fc u 300°C * T? OJHtf t ©i& 

[0112] sfc, ±etw*o^p-t^-e, 
a i 

[0 113] 
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No 


mm (jfc^jti 






MM 

(Epn) 


as 


1 


. 5^0, 5 < Fe 0. . 1> 1. 95 


1.5 


0.04 


630 


450mil 


2 


Tbd. 3 ^0.7^2.1 


0 . 1 


0 . 01 


500 


420mJl 


3 


^O . 2 7^0 . 7 3 ( Fe 0 . 9^0 . 05 Zn O . OS ) 2 


2 


0.03 


650 




4 


^O . 4 ^0 , 5 H °0 . 1 1 Fe 0 . 3^0 , 0 5^0 . 05 > 1 . 9 


0.5 


0.01 


580 


420m± 


5 


^0 , 4 c y 0 , S^O . 1 ( Fe 0 . 9^0 . 02 Cr 0 . 06 > 1 . 7 


1.5 


0.03 


500 


450°CiJLt 


6 


Tb 0 , 2 Hd 0 . iDyo , 7 ( Fe 0 . 9 Hi 0 , 05 Z r 0 _ 05 ) x , 7 


2,5 


0. 03 


460 


470mt 


7 


"^O , 4 Pr 0 . l^VO . 5 < Fe 0 . 6^0 . 4 > 2 . 2 


2 


0.03 


600 


460"CIiU: 


' 8 


T^O . 6^0. 4 ! Fe 0 . 9^0 . 06 Ni O . 02 Mo 0 . 02* 2 


1 


0. 02 


480 


440°C6Lh 


9 


">V 6 Pi "0.4 ! Fe 0. 9<*>0.06 N± 0.02' ra D.02>2 


2.2 


0. 03 


480 


450'Cm: 


10 


Tb 0 , 6 Ho 0 . 3 Pr 0 _ 1 ( Fe 0 , g 8 Hb 0 . 0 2 * 1 . 8 


0,3 


0. 01 


500 


420'CSU: 


U 


^0 . 3 Sra 0 . l D y() . 6 < ^0 , gMoo . 05 Sa 0 . 05 > 1 . 9 


1 


0,02 


610 


420'C&± 


12 


Sm 0 . gDy 0 , ± !Fe 0 , gjai^ 05 Mi 0 <05 } 2 


1.2 


0.02 


-660 


430"CI}Lfc 




Sm 0 _ gEr 0 _ 05 Pm 0 _ 05 (Fe 0 _ 9 5 A1 0 , 05 ) j . 95 


0 , 6 


0.O1 


-600 


iwm± 


14 


Sm 0 , 9 Ho 0 . 05^0 . 05 • Fe 0 . 95 Ta 0 . 05 ) 1 . 9 


2 


0.03 


-600 


440-aHLt 


25 


Sra 0 . 95^0 , 05 ' Fe 0 . B^O . 1^ 0 . 1 J 1 . 7 


0.01 


0 


-580 


42om± 


16 


Snl 0.95 Er G.05l Fe 0.8 Co 0.2h.8 


1 


0.03 


-600 


430°CfeU; 


17 


. gsN) . 05 f Fe o . s^a . i> 1 . 8 


0.8 


0.03 


-650 


400'CfeU 


ie 


Srao . 9S Ho 0, 0 5 1 F '0 . 93 ff 0 . 02 > 2 


1 


0.03 


-600 
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[oils] mm i 
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mm. 4ts%, H»a*i:©sF*&fflni. 37«ji%-e*> 

[oii9] ±iEL/c^fet(p^a*tt*Mao^# 

[0120] fti^, s^^p^Mt^a^JtW© 
*ftoa«*ftS:#iiu4^6tfcttL, y Has* 

^©S^s *Mm400°CT«^3ffi-e© 

€©25%^t 1 4 o fc©ic^f lt, mmmmxtt 
£s.x<DmzttLmT:xi5%&}i(Dmfc&mtt£tix 

[0 12 1] HJ6M3 
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m^x-ztimmm, 2mm, am, mm, m 
mm%&) mmmm wma «\ mm km 

%, 1.08ffft%, 1.03ffft%, 1.02f?ft%, 1.0S£% 
%, 1.01®*%, 1.00jtft%, 0.98fTfi%T*&ofc o ' 

02, 0.02, 0.02, 0.02T?fcofc o 10 

[0 12 2] fcfc, ±eL£4tm t f'®Btt£*ft«!)¥ 
JWtKStfl-SffbottE PMAKJ; B8!l5£Ufc e SOS 
KWtt*^*i^llM^U, 3mm0i-S*^]iCEPMAt 

a© Wtic*H-§ a 60 s 14, tiv?ii38%, 

31%, 23%, 15%, 5%T'feofc 0 Cftk&lfcftO&ffi. 

x*m3tm%mmmcMLx%h?fo5%, is%, 33 

%, 45%, 55%-Cfcofc, Cll6©**iB*a»6, @S 

^ffSU^tjJS^S. 20 
10 1 2 3] 

g*»«TOtti2.3S*%T$>ofc D Sfc, xllHff 

[0124] lift 5 

: 1/20) mm^\cx42nvx2^ mtomim 

SfcfTofcfc, 480°C©K 2 g c PTnOBf^©Wb»a 

(WD £, Mil i:|i3«l;:LT8J£Lfc£;: 
5, »§*fifi2.0Sfft%, H*S*l:0¥^Hitl4i.99 

Tk^^ro. oigft%^&t>©-e j,ofc. r©fq#©»e 

y-?^fi700 D CTfcofc <) 
[0 12 5] ||*$J6 

9* :5/l) ©#ffl^«Pl:T530'CT7SlfK©lftfea* 
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r-©«gg»(4*^a^tc^LT42%-e$)ofc 0 sit, * 
^y-MsesotDT'&ofc,, 

[0126] HK« 7 

SmFe, (x =1.5-2. 5) tV^ifij*©^?*^*, 
d-/mjl5~50m/^A. 7X>#0. 5~1. Omm©^TT' 
$ p -/t^i.ftfe t Tfm Lfc 0 #jK LfcStf© Sift 
&@iilOnm~200 fi arefco fc 0 r ©£:£## £700 -900 
t^ffftfMLfct. 500t©i&}f#BIM^Tg 

[0 12 7] ±!BLfc3lg$sMM©^M&* 

[0 12 8] a^Ol&igfeTf^RLfctOlcJt^-C, ft 
±0®£\ i^CftMil»^^5 r i £ , Mi! 
[0129] 8 

SmFe, (x=1.5~2.5) £^5&£©£-£-f 

h m&mznm uc a c ©-s^^oot-c^sft 
%m&^xmmw;}}mmLtckz?>, m^iDmm^x 

tz -h ©®70%@fif -c ^zk ififfls- £ ftfc 0 
[0 1 3 0] tit, Tbo. a Dyo.7 Fe,^©j;5t 

xfmmz£vmm*mtz&m&^xi>, mmv® 
[0131] mm 9 

SmFe, (x =1.5-2. 5) £ Sj*©^-f V =f y 
^^SLfct, /V^J; 19 250/imfiiT r t-K#L 

ss^D^a tfc^, r ©a* t rt*c^4f ^r^trn £ 
x%m Lizm-ms -umt, § e, i'ss^^r^ 

ffitrS«^*fc 0 iOa^ft&ffiBj^Ufcft, 150°C 
fc„ Mtfiiit©ftit&T« Lfc t ©©75%Tfeo 
[0132] HffiM 1 0 
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mtmcXimV-fcSmF e, (x -1.5-2. 5) k^O 

130. 5®*%, BjgSfltftOSFiSHfittO. 485Kft%^feo 
&XimistzhV<D58%Xhifc 0 10 

[0133] gum 1 1 

Tbo. s Dyo.s (Fe«.» Mm. ) l* 

(§£ioo~3oo M m) f-y r?*** hifeifftift 

UT. £@10mm, ft £ 20mm©Rfttm*MMbfc o 

[ o 1 3 4 ] m Ltz^mmmmxLxmmmM 20 
aufc^awdi^Lfci^ isis-^mstt 

1. 5gS%, S^S^ft© Wfflfil. 47ffft%T'feo 
[0 13 5] ±^LfcS*tBaP»atfO^SL-(?0 

«^ii^*^atf t its u xp^fc i c 5 , rnmtm 
a*tt±5fe«HSH'«>72%T?*)ofc 0 *t, ^r^y-aa» 30 

750 < CT?feofc 0 
[0136] 1 2 

Tbo. s Dyo. s (Feo. s Mnu ) l« feitfSmFe 

o.s Dy.. s (Fe,., Mn 0 .i ) i.« £Mtt*15% Sm 40 
[0 13 7] S i8sJntt£2.8gI:%£ LfciS, 

xmmtsfotzc 
[oi38] nwi 1 3 

-«lfet«lf:Tb« Dy«. s (Fe,, Mn 

) i,Bs *ws©^©£*t« (mm) so 
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[0139] %um 1 4 

Dyo.s (Fe.., Mn,, ) LH t 

fe 5 aiB^w«m^©it*«« t g»r»s t ©n« & 

SlS©^©SJf^^l00t LftlSfSitliO 
U ^*itg^2ooooppml:^t LTMSas*# < JEflst 

©a««ff»^f*IIET't5K*«S(i20000ppmKTT 
ffSU<fll5000ppm^T, §? J l'ifF4L<(±1000 
0ppm^TT'fe5„ 

[0140] SiS^J 1 5 
«£MM^Tbo. s Dy,, (Fe 0 . s Mnu ) ln T* 

fe 5 ggg#W«S££&0> 7 y Hits i ftgrSS* t © B§£ 

7 y £»&©f*ft©$i#r&g«:100 t Ltffi^SSS-e7 
i/|t©i«^Ufc 0 7y*tt«*i^tC«««)fSS 

^*M£T1-5 0 7 y HM^OOpprnttS^t LXm 

m±z < s^ut^s z k mfr*. mmmvm 

5, ff4L<»150ppin£JlT, ££>t&SL<fil00ppmE* 

[0141] HASM 1 6 
TbFeJ^M-^yh^l^T, 
^ h a y ^ ^' y * 7 ^ S«*i J: Xftf V 7 5 K®S 

^:ff}±, KASTJIOO-SOOW, A r JE^JO. 1-6. 5Pa, J? 

V^Tfi, N 2 J±^1X10" 3 ~lPa©(SfflT?§Sft$*fco 

V»TB, g*SH^^T500t:©?MT«^PUfc D 
[0 14 2] ^7^SSi:©S*Si)Ptfc^^flI 

K±|Jlft!J, Feffi©ffffl{c^5aft©i«^^li|iJ$^ 
fc 0 Sfc, ^M^l^PLfc^T 5 -^©!!^ 

5, 1*» L-C^fcw&&lgfc*f UT»i. 5® ©M4 

[0 14 3] *h\U ^7^S«±©l*»UfcHS 

a &m Ltz a z ®wmy 4>^m 

tzkZh, **T*B0O e©^-f 7XffiRXmo%<Df 1 
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[0144] gffift 1 7 

dim *3SWOiiSK3iWSrfflv^fca£ffi7^^ a ^ 

lUTKBits. 1 1 o i^-tuuE* m^y'ix ma 

«l*^0.7Sft%P*tfcTbo. 5 Dy, s (Fe,,, M 
no., ) Sao^ciyKlliWWS. 
ifS^oy Kl 1 Sdfc^T, H?^l**©¥^|t(S 
0.68gft%, S{tftiLT#?H^lSfl;©ggSi;lr 
M1-5tfc*fi0.029t?&5o 10 
[0145] &«£#&P y Kl 1 iifcaefl^foas* 

ll^/H 2«MlR^j£i:LT!St£^T^5 a g 
Kfg&fcp y K 1 1 ©-*OSgfi?H@^3 -y" 1 3 ici 

3f£4XT^5 0 ift^S^glttll, 12, 13, 1 

4mw*-t wz.timm-9) isomers 

[0 14 6] *Tf)3-7l 4 fcf±, II^p^KI 
1 ©K&frfitcs&iHf&fc £*Wc^/V7'l 6 flSftOtttt 20 
bft-C^S. ^7'1 6I3;M/1«1 7SrHK-fS«t 

©Kl£fi'<*#l 8;S5Eg<**l,T^5 0 812, 

y Kl 1 1 6 £ 

[0147] ±atufciftEa»^</v-^t*3v^-c{±, &k 

I^py Kl imi^MqLTIE©gt££3g££ 

tf, d©jE©tt£ iUCV</K/l 6 «: 30 

KftSt5fe©T*5„ /^7*1 6 satSKJt^OKi 

$$$*t,-C^5. C®J:5t«^n'7 Kl \ m 

^tzmmm^^\rmmtmmtmxtz<, mm 

y K 1 1 \ctmt%MR<D±% £ S^X^VT, 
P^^lcD#J^iJ#p/£ iffc&ffi-f 5 d t ^ So 
[0148] iOSatW-eHaBKS^Ac y K 1 1 fc, 
S3tl40.7Sft%JfiJPUfcTbi S Dy ls (Fe,, Mn 

o.i ) toft©as^-cf(i)sauTv^5fc», ifii&asi 

y K4ffl^fc*^ic|i 4 ?ftta^ioo°C©^H4"CttIEt 
tfP»Lfc^, lOQ^iStSi^ftUiK *ofc a 
[0149] HJfe« 1 8 

dim *3PJ©ms*m£ffiv^Ml?yt©- 
#liLT, h/vy^y^iio^THl l£#lLTlftPjl 
Hi lic^-f K/^-trytfl, W^ff«ttiPlT' 

im ■? («ft/ w 2 i ©am^ra t 

[0150] jGOtS^gl 2 2 fl, Si1fMW^<>f 7*2 50 
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fcJtJritgL, i©^^t^LT450°CTl*^P 

*>©-e&5 0 i©@Ei^#^2 2«, ttSHfft^i.8 
[0151] mm&$&m2 2&wi-§ K/vy^tu^ 

-7 (iry^B) Mxtf4HgSi*©7 p c I ^7~>^ 
7 K2 3£tutMISTU iOW^fc/p^r^t 

&Jg2 2©0fl*m *^T«^^;V2 4t^tiJ 

^feg2 2©*ffi(I|i, m<Dtz)b<Dffim*-TJ>y 

[0 1 5 2] ±3£LfcM>**yH-fcj8^-C, T'n^y 

7° 2 1 flSfc ttl, fi«££&J8 2 2 lUg^ C 
5. d©RI, B^3^/V2 4{CxSlJ±WilPLT^< 

T*tm-5dtistf§5. ifttth/i-* ©*£££#& 

[0153] Hi 2\m%mmij'\tm^Ltcm.mM. 

&M2 2 ai 2 2 bS:fflV^fct©^fc5. ittbMa 
I^l2 2a, 2 2bH, h/P^ 5 ^ t5#±JS 

#4*^X^5. iO«fc5ft h/v^-fevtl'±Hff, J: 

[0154] fttfctt 1 9 

iim, mm<Dmmmumm^m^±y^<D- 
WttT, y s'^y^irytliov^THi 3^#nur 
iiP^tSo 01 3fc*i*/y*y^iryiK±, WAtfC 

TV^5. :©llI^tP^ K3 ill, MxlHIS^I. 

5g**©^g**i^-rSit*ttO. 017 1 §HTV^ 

[0 15 5] JBWffi^tiy K3 lOflHtttlftffla-r 
/^3 2^ia»$^^,-C^^5 ( , $ tiC, Mi»^#n y K3 

i 3 3 Lx^m^-T, (m*.mM& 
fmtr-x) 34mmw$hx^z>c mm*r-xz 

4\tmm*VZ 5^ttT*5 9, i©lfei9#it^^ 
3 5irii9^y^y7'oyy/£t'£igg$^§ 0 

[0 15 6] Ji^ufcy y^y^y-5-i^LT, #S 
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Efj^/VfcSiSfM^ y ^y^Mtffi^^ HIS 
[0157] r©HSM©y y^y^iryf-fi, §|f£ 

1. 2gft% jfodP LfcSmFe, ££T*S«§E£&P 7 K 3 
lSr«fi!JLTV^5fcfe, 200iC#ifiT*t)+5>t^tURjtg 

toy KSrfflV^fc»^l4, 100Wfi-?ffl*^f U< 
®'>LTUSofc 0 
[0 15 8] H$iM2 0 
Tbo. s Dy,, (Feo. 9 Mnu ) m&<D&M> 

il^fetCioT, Jf£ 100-300 /im, jf 30mm©:? y-;? 

(il0a/#-Cfcofc o 

[0 15 9] ftfeitfc7U-^tt, n-A«ttffi*J:t? 
gSiI@EfiJtffi^ii^ H B B ^^cTv^c^, iftfijp 20 

«*©#att* (mattus^**) itt«ti©^**rti 

[0 16 0] ±3fcLfc7y-*ftl(W&lT0*#Sfc* 

©JP$^f^ii^fl:©S^iS)£ftS J: 5 fcffi 30 

KTlOOOTJTNfcS' h^y^UT, ftg2Qnu<u :K$30mm© 

[0161] #&^fcRft^W^^800t:i?^ft» 
S£?TofcfL 10X5X3mm©i-&©ii^m>i-^ i 9 
ffiLTitSft£}l£Lfc 0 *<Djg£, «#&$239kA/m 
■C©»fi*|±l 100~ 1 200ppm t &8MH|t ft jg* L fc 0 * 
*5, tt^ift©^ft^ifeJI*[6]t©^-rft^^l5 0 £t 

[0 16 2] Sfc, Tb« Dyo.6 (Feu Mm, ) 

fco tt*t*(iw$*nst# Lxmtn, 1, 1} fcefl tx 

fi&iH3£ Lfc t ^ftf±350~450ppmT?&ofc„ 
[0 16 3] fifths 
3?i§#j2 0 illiBj$©££;&>&fc$#g60i»», ^$60mm 
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gooT^ITO^SUct, If»^ot^5« 

a5#10mmSr^RLfc o ^KfffiO^^^XRDT'ff^ 
{U.Oli^SIEftLTWc C©|»&1 
0X5X3mro©^ft©$J£^g-/f£^fflU Mitt: 
JHSLfc t «#^$23gkA/m^l550~1650ppm©ffi 

[0 16 4] itmu 

ftfefll tlHi:*tfe-C, Tbo. 5 Dy.s (Feu Mn 
o.i ) L * llfiSo©^^!^ J¥$^1000~1200/im©7 

* fc S SJM^Sf IJ(-fil00~300 # m©j¥£ "ClMttil #4 
^ fc. S h &&MiL% X R D TJfMfc t Z 

[0 16 5] C©£ 5ft7U~^£l0mm£lT©7ct £ 

SmtfefL 7^y#H^£Tiooo°CT*y i^y 

XbT\ 0^2Omm, ££30iiim©Hft:Rf8ft£#fc o 800 
c C^®ftfi*a*ffofcm, 10X5X3nim©iife©$]5g 

#31 3 239kA/mT'340~660pptn i ^ 5 fiV t A & 

[0166] ||« 2 1 

S£l60il2 Oi^C7?^T?^Mbfc7y-^^10mmWT© 

-f ± 5 ? xVM^ffl ©gertT7 y-^ <n% £ 

Hl4t»V^T, 4 1 ttiiS^y^ 4 2fiTS5^y 
4 3tt±^°yf-Sfe 4 4 fiT^/^y^lffi, 4 

5 tt^ffisai, 4 6 it7mKm=?^ y^Tfes D 

[0 16 7] »«^9Xv|aS3l«rtS:HSS|^Ufc 
ft, 7A-^y#ffig;tp iCT30~50MPa©JEE^^TOP Lo 
0^l7°7X>SS^fTV\ ^20mm, S^20mm©Bft 

«fW*#t. iooo°c^Wbi^a^ffofct, io x 

5X3mm©^©iJ£^^>t^ 5 tU tT#^t&iilJ^ 
Ufc 0 ^©^Jr, «#Sfi$239kA/m-eilZ0~1260ppmOfl8 

[0168] HJfe^J 2 2 

HiSW 20t fflftrit©^4*51?y X/nffT7»j»u m 

m. 7mm© J: 9 ftft n - A'tSfc t Oft T 7 V - ^ S: 
{^SS!L.fc 0 nb^tcyu-^^mt, ^^230-260^ 
«, tS0.7~0.8mm-Cfeofc o 7W^ffii^tliXR 
DT*fHfci^ HHf{l,l,0}fcilfiU-CV^ o C^L 
^10mm^T©^f ^iC*#tfct, HftMlt^ilL 

9kA/m-C870~1010ppm©ie^^ Lfc 0 

[0 16 9] 7V-^«|-e©ElHHlJ:v^, 
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fi<4ofct>©£^;te>ftS 0 »rffi©ffift£II«iifl 

^ ©»;**£ ibftfc, jt^fiv^L—^©^ggt 
*lRl#fc#UTffi#+$«ft#JI,e>;h,fc. gvv7i— * 
B#*#oTU*o-Ciafltt*sS<, !M3ltJ;3J¥ 
£*fr^©«g^||U^©£JI*ft3 D 
[0 17 0] £ft&0>tt*i*5>, 7^©Igil7^ 

-^oJ¥S©3^j;() t^ctv^iiW^U^t^ 10 
[0171] 3 

W2 0 kmu&<D$ikmmimu mwxMM-rz 
mz%%i-m*<D-7i'~vi:imLtzc eft&©§4 
hbe#j& x r d x« t fc. u, 1, 0} t 

aSflfefBSftfc. 20 
[0 17 2] e©J:5ft7V-^#£^fteftffl^T, 

nisM2 1 tnzmxmm^mu ztimm* 

*Hi 51;:*+, flte6*tttf-^B«ifcai*Sv^©g 

y^-W$©i.5£U:-Cfe5ei;&s#4 U\ 
[0 17 3] HKaM2 4 

*#Lfc« t 7*h^T^Lfc**fctt^#*5'»* 30 

C ft £ TV 7, iggt T 980kPa ©J±;(j U 1 50 

T;T«£$Hfc£*T, ^20mm x ft^OmmWRftft© 
f#|S|-^#fc 0 ®3tif $239kA/jn-C900"-970ppm-C 

[0 17 4] ffc, !#&ftfcf»m£WrLT7W^© 

fcEfl LX V > 5 C t 5 ftfc, 7V-^ SffiBt «t 
oTS©*rt£©m5Hu £mi»£ftT^6©« 40 

[0 17 5] 5 

n»i 2 o b n zmxnmm*m Lit, zm 

mtim 1 7 ^>#fflm* i- T 950°C T*0 -96 ©B 

M&Wn+Z - 1 dSfltSB $ ft fc 0 SUlli fcfro fc t e 
5, ftfc. Wffiffi^^ 

7^-^#fiLTV^cHt*lll, fiMi!« 

[0 17 6] J»J2 6 50 
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mm 2 0 t m L7 V~ V &10mm£(7f^# Lfct>© t 
35 M n&T LtUtft* t ^8:2©»J^-CiS^L, C 

ft&*s«2 1 tmzmm^y^mm^x-mt^ 

[0 17 7] «VvC 4 *JfeM2 1 tw*#-eJe»ft«ft 

a$rfTofciC5, $t^#:»950~1030ppmT&ofc 0 ff 
SMISr^Tofci ^^it(±1200~1280ppm(ri^ 
JbUfc. **J©»»aArtfeH:. »*T*feofcS£© 

Eft^aitfc^saor^fct)©^, 201 ©$mt* 
saw**, j eoft©*M!awre^<!fc5 l , *fc, m 

£ft5 0 

[0 17 8] eft MttitTCfS) 

*T?*>5B, Si, Cftiffc, mS&tt^lXPltL 
3fcV^gSHT?«5&p Lfc»*£^T t J: V>. 
[0179] MM® 2 7 

HI 6t7V-^«-OJ¥§^fc^-f5ft^ H (Bfffi 

6 tt» * ft 5 tttl ©$ft# ft i itJ^fi ©J5g 

(tt^©^©#^^iootufct^©i@^e) i©M 
tit, mi7\c7v~?tf<D¥®mtikm$ 
<Dtfb^k&Mu (hmtm) (Dvmmkmmit 
*1% 7^-^#©i?sta«r B ©*fflJt*©tt 

Mtfev^Ttt, io©IWSfc9BS*HJi©»fii«*ft 

fta^©a^©ffl@^iij^L < e©ffiatt^attiu 

[0 18 0] Hl6^&Mba»*«J:5i^ ftttir^^S 
JtT*70%fii±^tf 7 t*t»t.tM*A t ft^ B 

©fHltfclPO: 100~30:70©|5Hi-fo5 7 ^-^^t?fcft 
tf, iffli+^MSPI^^ti^i^, 11 
7^t)|4, 7V-^^©^p^^iO/im*ffi©^#i± 

ff$77^i^fi-r5tt^ H B B ^#^ft(c< <, tfc^jf 

Si s #f>ftic<v^tis^5„ Set, J¥S©tffco 
# ^ f if jp S t^fti- Stt^S^ft 6 ft £ < 

So 

ioi8i] mm 2 s 

¥^lJ?SlOOMm, *g2mra, S$5~100mm©^X U 

tt" ^!#fc 0 # < © 7 V- * #©»ML $ 100 n m© $ S 

xansmmmtimmxhofz, yis-mwo 
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-9tttt&&&m n m J: 5 /h * a» 0 fc„ c o i 5 * 7 > 
-^#£SJ&M 2 0 t ^&*£T«Lfc 0 

[0182] nmRv$y%mvm, nm 

^ 100~300 n mTffc o fc, & 9 © 7 V— ^ # ftlOO ^ m «fc 
5 * 3 V ^ 0> T S> o fc. C © i 5 * 7 V - * #£H&M 
2 0^«^T«lt 10 
[0 18 3] ffi#©»8;t$:Jfct{ELfci£5 4 $#©$ 
Sfii±tu#©^ix©i3%ict^ ^ft©^*^ 

[0 18 4] ^CfiX!i^y^5~10mm, 10~20m 

m, 20~40miii, 40~60mm, 60~100mmi^ff L-Ttt&Hfc 
#7^tt, 2~5mml^»Ttfc7V-^#i&, f? 
*Jt-t?8:2©fiJ^T^^^^Lfc 0 
*^^mi:@200mB©«['Atl, SiJ^B^LTj?^ 20 
^ftfcSWH-aa^i&vHI^fc. 5~i0mm, l 

0—20mm, 20~40mni© i S-7 ^^^LttCli, 
SBf PalT^^i^iSlf LfcWt^tT, 40~60m 
m, 60~100mm©=g-7k-^#^^Lfct l ©ti, fi:V^7 

v-^$t©ft^iiM^©20ff£(T^f4 Lv^c 
5 0 

[0 18 5] HIM 2 9 

tf&fflV^T, 11 0t1f5gSr^UfcjftJ±W^7^flH 30 
SBtt-Ctf 5 * Wit© £ [ilf [iPK*&ofc„ ffifnF^tt 

[0 18 6] 

K±KKLti5l^ #1§l©fgl©M 

m%mm*.itm&m&mm-z z t t 
fts e z<D£oftmmm®^tcMW7??^- 

[0 18 7] Sfc, *»WOfE2©«iata*Wl-J:*l 
tf, 7W-- ^^©igl^^^Sr^scttioT, 
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kft&o z<D£otmmmtmm^zkia:vx, 

mi] *m®m2<Dimmm~%mWi<Dm 
19 2] mmmyv- ^mmmk^m^k 

OlS1-^S©Sl]3feHfe*iefl1-5fcft©H-?*5. 
[H3] ^^A7^-^^aiLfc^©aJffc® 

[04] #3§Kl?^5$^$7W£#©J#:K#j 
^li©M«^ffePJ1-5fcJ6©|llT'fc5 0 

&%mmmmM<D&m t Jtft lt^-t 0-?&§ o 

[07] ««£*m0S*t£*£«£i:ig£i&£ 
[08] iga&£*m©8^«£i^^i©K«£ 

[09] g^^^© 7 y m& k mm& k © rm 
£*-f0-efe§ o 

[010] *3§93©$S7^^-^£ftJEi#^ 

mil] m®(Dm&±yi-z v^t^v^-xm^ 

[SI 2] 11 1 (carf h;v^-feyf-©'S^M©ffiSt& 
[Ell 3] *|SK©#M-fey^S:/y^y^-feyiMC 

»jb ufc*^j©s»§sj5g^-^sT^i-^EiT& 

[014] *«EJ©HJiM-t:-fflV^c^m77X-=?M^ 
[HI 5] §£&?&7V-*fl-©t?-*3S&tt;i#g 
[Hi 6] »8Ml»7V-^*t©JP**mifc^*-tS 

fttfe*o»atfc*t«s* mm) k®m**?R 

xhh 0 

©ff^ot km^irmcmtm^<Dmmk(D 

[018] ^*©-*^|l#©^?)ffiL&^t« 

[019] ^*©-*^lltt-©WBrE0T'&5 o 

1 «7^^ ( 2 IM, 11, 

3 1 ffil^loyF, 1 2 B«3^/K 2 

2, 2 2a, 2 2b 2 5, 3 2 
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